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How accurate is sequencing?

T TT TG GGG CC C CAA A

99%, 800 bases



AutoEditor: a 2nd-generation basecaller

Base-calling in the context of single chromatogram is hard…

but finding base-calling “mistakes” in a multiple alignment is easy.





Polymorphism Discovery Pipeline

Quality Assessement of Polymorphism:
High Quality Polymorphism:
Coverage ≥ 3X and Sequence Quality Value ≥ 30 
on both genomes



High-speed alignment of whole 
genomes

• Solution: MUMmer (Delcher et al., Nucleic Acids 
Res., 2002) http://www.tigr.org/software/mummer

• Alignment of two 5 Mb genomes: 11 sec
• Aligning hundreds of contigs from incomplete 

genomes: < 1 minute
• Linear time AND space requirements

A:

B:
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MUMmer’s suffix tree algorithm
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MUMmer 1: Sequences in genomes A and B that:
Occur exactly once in A and in B
Are not contained in any larger matching sequence

MUMmer 1.0, 2.0, 3.0

MUMmer 2 and 3: 
• Sequences not necessarily unique in A or B
• Sequences can be protein, DNA, English text

A:

B:



H. pylori 26695 vs. J99



http://www.tigr.org/software/mummer/manual/



After correcting errors, find SNPs....

• Align genomes with MUMmer
• Find all differences:

• SNPs
• Insertions and deletions
• Rearrangements

• Link SNPs and indels to assemblies



consensus    TGAATGCACAC       T     G     A     A     T G C     A     C     A     C

Covering reads:
GBZEI27TF         TGAATGCACAC      26    30    34    36    33 36    36    37    36    36    36
GBXEZ08TR         TGAATGCACAC      27    30    33    35    41 37    36    23    36    36    36
GBZDA09TF         TGAATGCACAC      26    18    35    31    26 20    29    19    36    36    36

cumulative quality   79    60   102   101   100 92    99    60   108   108   108
coverage              3     2     3     3     3 3     3     2     3     3     3

consensus    TGAATACACAC       T     G     A     A     T A C     A     C     A     C

Covering reads:
GBIFW80TF         TGAATA-ACAC      34    33    15    16    13    09    00    11    11    11    15
GBICA33TR         TGAATACACAC      34    35    34    35    35 34    34    36    36    36    36
GBIFQ32TR         TGAATACACAC      10    13    12    18    24 13    21    12    13    14    13
GBICH40TF         TGAATACACAC      36    36    36    32    32 32    32    32    31    31    36
GBICU19TR         TGAATACACAC      21    30    33    18    19 24    21    11    36    10    29

cumulative quality  125   134   103    67    91 90   108    68   103    67   101
coverage              4     4     4     2     3 3     4     2     3     2     3

B. anthracis Ames Florida

B. anthracis Ames Porton

SNP quality computation

Quality value = -10 log2 (probability of error)
qv = 20 corresponds to 1 error in 100 bp



How do you fit the “orphan” green/blue sequences
into the assembly?

ribosomal RNA repeats, B. anthracis Ames strain

“chimeras” “mates”

The importance of capturing traces:
fixing mis-assemblies (even after publication)

unique sequence



Fixing the B. anthracis mis-assembly

Newly discovered tandem duplication



Drosophila virilis contig (original assembly)

Corrected contig, left half Corrected contig, right half

“Lost” 7700bp contig, original

(mate pairs)

The importance of capturing traces II:
Finding and correcting mis-assemblies



BRC goals include:
1. Capture assemblies of all
pathogens (if possible)
2. Deposit assemblies in Assembly 
Archive



http://www.ncbi.nih.gov/Traces/assembly/assmbrowser.cgi



Assembly (genome) name Submitt
er 

Length (bp) # Contigs # Traces Coverage

Bacillus anthracis Ames Ancestor TIGR 5,503,926 3 98,699 12.6X

Bacillus anthracis str. A1055 TIGR 5,370,618 42 83,857 12.9X

Bacillus anthracis str. Australia 94 TIGR 5,502,894 49 94,048 14.5X

Bacillus anthracis str. CNEVA-9066 TIGR 5,486,927 30 88,891 13.0X

Bacillus anthracis str. Kruger B TIGR 5,470,007 64 89,421 11.8X

Bacillus anthracis str. Vollum TIGR 5,487,718 52 102,108 15.7X

Bacillus anthracis str. WNA USA6153 TIGR 5,510,369 44 91,115 12.3X

Brucella suis 1330 TIGR 3,315,175 2 37,025 7.9X

Burkholderia mallei ATCC 23344 TIGR 5,835,527 2 82,118 8.2X

Campylobacter coli RM2228 TIGR 1,860,666 38 20,798 8.1X

Campylobacter jejuni RM1221 TIGR 1,777,831 1 24,334 8.4X

Campylobacter lari RM2100 TIGR 1,562,926 7 31,947 16.3X

Campylobacter upsaliensis RM3195 TIGR 1,770,638 19 22,615 9.1X

Coxiella burnetii RSA 493 TIGR 2,032,654 2 39,699 14.1X

Staphylococcus aureus pLW043 TIGR 57,889 1 958 12.8X

Staphylococcus epidermidis RP62A TIGR 2,643,840 2 58,537 14.9X

Streptococcus agalactiae 2603V/R TIGR 2,160,267 1 31,959 10.4X

Streptococcus agalactiae A909 TIGR 2,127,839 1 30,129 9.0X

Trichomonas vaginalis TIGR 178,334,557 9,717 1,050,648 5.5X

Assembly Archive progress



Excerpt from a 12X anthrax assembly region...



Capturing sequence variation 
data in Pathema



Sequence variation in Chado:
Single nucleotide polymorphisms

Genomic Contig

featureloc:
residue_info = “A”
nbeg = x
nend = x+1
rank = 0
locgroup = 0
srcfeature_id = *

SNP

A => G

featureloc
Genomic Contig

featureloc:
residue_info = “G”
nbeg = y
nend = y+1
rank = 1
locgroup = 0
srcfeature_id = *



Sequence variation in Chado:
SNPs within protein coding regions

Genomic Contig

SNP

featureloc
protein

featureloc:
residue_info = “I”
nbeg = z
nend = z+1
rank = 0
locgroup = 1
srcfeature_id = *

I => T

featureloc:
residue_info = “I”
nbeg = w
nend = w+1
rank = 1
locgroup = 1
srcfeature_id = *

protein



Prototype SNP report for M. tuberculosis

Coordinates in reference and query genomesLocation of SNP relative to genesGene IDs, SNP location, amino acid code



SNP report (preliminary design)

ATGCC

ATTCC

ATTCC

Depth of coverage

Consensus quality



Indel report (preliminary design)

Depth of coverage

Consensus quality



The Assembly and 
Polymorphism Team

• Art Delcher
• Michael Schatz
• Adam Phillippy
• Mihai Pop

• Sam Angiuoli
• Jonathan Crabtree (web)
• Jay Sundaram (Chado)
• Dave Emmert at Flybase 

(Chado database)
• Jeremy Peterson
• Owen White
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